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 Beam Shower Counters
 MiniPlug Calorimeters
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MiniPlug Calorimeters 
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Detecting Charged Particles
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Mean rate of energy loss (Bethe-Bloch formula)

	

 works only for heavy particles 

	

 dE/dx in unit of MeV/(g/cm2)

	

 function only of 




 in a given 
   material

Minimum Ionizing Particles (MIPs)

{similar dE/dx for particles 
with same 

�

 in different 
materials

PDG 2004
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Scintillators

Organic Scintillator

�

 excite molecules

�

 emit UV photons

Fluor

�

 absorb �'s and re-emit
   at a longer wavelength
   (

�

 wavelength shifting)

�

 shorten decay time

Scintillator density   �

decay    

�

max pulse height
(g/cm3)  (ns)    (nm) (%anthracene)

anthracene 1.25   30-32    448 100
BC-404 1.032   1.8    408 68
BC-517L (MiniPlug) ~ 1.0   2.0    425 30-39
SCSN-81 (BSC) 1.032   2.4    437 55-60

PDG 2004

P. 4



Koji Terashi (Rockefeller Univ.) Fwd. Det. Lecture, October 28, 2004

Scintillators
Plastic Scintillator
  - dE/dx |mip 

�  1.95 MeV/g/cm2

  - density �  1.0 g/cm3

�  Energy Loss �  2 MeV/cm

�

 typ. photon yields: ~1/100 eV

�

 ~2x104 photons /cm

Actual photons (or photo-electrons) 
that we detect depend on 

� collection efficiency (~10%)  
�

 ~2x103 photons 

� quantum efficiency
   of photo-cathode (~10%)     

�

 ~2x102 pe

�

 large fluctuations for thin (low density) material

�

 w ~ � 25% of pulse height, independently of x
   

PDG 
2004

Landau “tail”

Light Guide Scintillator

PMT
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� -Experim
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in 1962! 
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Scintillator Readout 

Light Guide (Lucite):

	

 Transfer by total internal
   reflection (+ outer reflector)

	

 Used in BSC : adiabatic

Optical Fiber:
	

 transfer by total internal 
   reflection

	

 Used in MiniPlug :
   multi-clad WLS fiber

� � arcsin
n 2

n 1

� 69.6o

“multi-clad” “single-clad”
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Photo Multiplier Tube 

Convert photons to detectable 
electric signal
- photoelectric effect at photo cathode
- secondary emission from dynodes
- total gain (

�
gdynode): typically 106

Window:
- borosilicate glass (not UV)   

�

 BSC
- UV glass
- fused quartz (

�

>160 nm)     

�

 MiniPlug

Photo cathode:
- bialkali (Sb-K2-Cs)
- multialkali (Sb-Na2-K-Cs)
- Quantum Efficiency Q.E. = Np.e./Nphotons

  typically 10-20 %
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Beam Shower Counters

ROMAN
POTS

CDF

TOROID

MINIPLUG

z          56.40 m      31.63 m     23.23 m                    6.59 m       0

BSC-4      BSC-3     BSC-2                 BSC-1

QUADSDIPOLES

A - 4 8

ESS

E
LE

C
T

R
O

S
T

A
T

IC
S

E
P

A
R

A
TO

R

Pbar side : 4 BSC Stations
P side :       3 BSC Stations

   5.5< | � | < 7.5

BSC-1

BSC-2

BSC-4

BSC-3

P. 8



P
M
T

Lightpipe
front face

RUN2_BSC_BLC

2 - 3 / 4 "

BEAM P
IP

E

6"

P
M
T

  K.G. 12/98
9-

3/
4"

9-
3/

4"

3"3"

sc
int

illa
to

r

1"

2 - 1 / 2 "

lig
ht

pi
pe

FL
AN

GE

2-5/16"

(a
t b

ac
k)

Koji Terashi (Rockefeller Univ.) Fwd. Det. Lecture, October 28, 2004

BSC-1 Design

P. 9

�

 6.4mm thick SCSN-81

�

 1 scintillator + PMT per 90o segment

�

 used to measure collision rates and losses

�

 lead plates attached in front to convert � 's

�

 scinti. + light guides remade and installed during March shutdown
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BSC-2/3/4 Design

�

 9.0mm thick SCSN-81

�

 1 scintillator + PMT per side 

�

 used as veto to trigger on gaps

�

 scinti. + light guides remade and installed during this shutdown

BEAM
PIPE

Light Guide Scintillator

P. 10
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Readout Electronics

18 PMT signals delivered to 2 ADC/Memory Modules (ADMEM) in 
CLC_00 VME crate on the first floor

3 RP trigger counter PMT signals also sent to one of the ADMEMs 

P. 11
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Digitized Signal  

ADC counts
0 500 1000 1500 2000 2500 3000 3500

E
ve

n
ts
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10
2

10
3
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4

Nent = 40798  
Over  =   1780
Chi2 / ndf = 419.1 / 164
Prob  =     0

 5.108 ±p0       = 244.9 
 261.2 ±p1       =  3192 
 52.34 ±p2       =  1842 
 5.025 ±p3       = 119.9 

 124.6 ±p4       = 1.141e+04 
 0.165 ±p5       =   221 
 0.3117 ±p6       = 17.07 
 13.89 ±p7       =  1192 
  9.66 ±p8       = 144.9 
 5.712 ±p9       = 89.28 

HV = 1514V

BSC-1(East) Counter #2 Nent = 40798  
Over  =   1780
Chi2 / ndf = 419.1 / 164
Prob  =     0

 5.108 ±p0       = 244.9 
 261.2 ±p1       =  3192 
 52.34 ±p2       =  1842 
 5.025 ±p3       = 119.9 

 124.6 ±p4       = 1.141e+04 
 0.165 ±p5       =   221 
 0.3117 ±p6       = 17.07 
 13.89 ±p7       =  1192 
  9.66 ±p8       = 144.9 
 5.712 ±p9       = 89.28 

pedestal

MIP

Minimum ionizing particle peak well 
approximated by Landau distribution

�

 large fluctuations for thin (low 
   density) material

�  Actual energy loss (

�

p/x) in a
   detector is smaller than mean 
   energy loss from Bethe-Bloch 
   formula (e.g, <70% in Si)

PDG 2004
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Rapidity Gap Trigger  
Require BSC veto (gap)

�

 reject � 95% of non-
   diffractive events

�

 retain � 95% of diffractive  
   events with 

�

<0.1

p

φ

η
p

One-side gap

�

 Single Diffraction

φ

η

φ

η
Single Diffraction
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BSC gap rates
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empty beam crossings

Gap kills almost all 
multiple interactions

�

 luminosity dependence

Double-side gap

�

 Double Pomeron Exchange
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Beam Loss Measurements 

P. 14

BSC1-W BSC1-E

~40 ns

Loss Collision
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Send total and bunch-by-bunch
losses to Accelerator Division 
(since beginning of Run II)

- fast feedback (<1 Hz)
- total losses only}

} - slow feedback (~7 Hz)
- both total and bunch-
  by-bunch losses

B0PLOS
B0ALOS 

LOSTP
LOSTPB 

ACNET

Only 10Hz!! 

Beam Loss Measurements 

P. 15
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Beam Loss Measurements 

Tev changes to new set of tunes

limit for silicon,
wire chambers

end-of-store 
studies for
tune changes

Store 3584

initial losses too
high to turn on

CDF taking data

P. 16
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MiniPlug Calorimeters 

Low Beta Quad

MINIPLUG

PLUG UPGRADE

MINIPLUG IN CDF-II

CLC
3.7< | � | < 5.2

Toroid

Low-




 
Quad

BSC-1

~60cm

Plug comes 
here when 
opened!!

Limited Space!!

P. 17
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MiniPlug Calorimeters 

36 circular lead plates
laminated with aluminum 
       (1/4" thick)

5 " 5.5"

25
 1

/4
"

26
"

29
"

PLATES: 25 " dia, 1/4"thick (3/16 " Pb + 2x0.5 mm Al + epoxy)

ALUMINUM

STAINLESS STEEL

22.5"

24"

LIQUID SCINTILLATOR

PMTs

PMTs

18 in

BEAM

32X0, 1.3

�

I

P. 18

Sampling Calorimeter

Read out by wavelength 
shifting fibers (Kuraray Y11)

Detector:
Liquid Scinti.
(BC-517L)

Absorber:
Pb + 6% Sb
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MiniPlug Design 

5-1/2"

25 .00"

6 Holes 17/64"Dia
       on R3.000"

6 Holes 17/64"Dia
       on R9.000"

6Holes 33/64"Dia
     on R12.000"

Part A

The Rockefeller University

Lead Plate
Hole Alignment

Material: Lead Date: 7/12/99

Drawn by:  V.Sherman Drawing  #7

Rev.Tolerances:
For special tolerances 
see specification, otherwise:

.x         +/-.020"

.xx       +/-.010"

.xxx      +/-.005"

Part A
252 Places

0.750"

6 Holes  #54 (0.055"Dia) at 
the center of each triangle.
All holes to be champhered 0.015"
deep on one side of the plate.

“Boundary-less” Structure

	

 A “hexagon” holds 6 WLS fibers

	

 3 hexagons form a readout unit
   (“tower”)

	

 84 towers and 18 last dynodes
   (“sum-towers”) per detector

Tower
Electromagnetic 
calorimeter with 
hadron detection 
capability

P. 19
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Electromagnetic Showers 
Simple Model at High Energy

�

 bremsstrahlung and 
   pair creation only

�

 X0 = 

�

pair

Longitudinal shower development

�

 shower maximum :

�

 95% containment : 

Transverse shower development
  95% containment in a cylinder with 
  radius RM (Molière radius)

E0=100 GeV electron into MP (=32X0)

tmax

� 14X0, t95%

� 30X0, RM

� 1.6cm

t max

� ln

�

E 0

E c

�

1
ln 2

t 95

� � t max

� 0.08 Z � 9.6

RM

� 21MeV
E c

X 0

�

g

	

cm2 


Shower process continues until 
E(t)<Ec (critical energy)

N

�

t

� � 2t 
 E

�

t

�particle � E 0

�

N

�

t

� � E 0 2
� t

N total �

�

t � 0
t max

2t � 2
E 0

E c



3
.2

cm

t95%~30X0

100 GeV electron shower 
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Electromagnetic Showers 
in MiniPlug

Beam Pipe

Transverse size of shower �  size of a hexagon
>95% energy of (e, � ) with up to 500-1000 GeV absorbed  

shower 
maximum



E0=100 GeV � �

 into MP (=1.3

�

I)

�

I(Pb)=17cm, tmax

� 1.6

�

I, t95%

� 5

�

I
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Hadronic Showers 

� Inelastic nuclear interactions

� various processed involved

large energy fluctuations

�

 MiniPlug : ET resolution ~ 40 %

N particle � ln

�

E

�

pT
particle � 0.35GeV

�

c

Longitudinal shower development

�

 shower maximum :

�

 95% containment : 

Transverse shower development
  95% containment in a cylinder 
  with radius 

�

I

t max

� 0.2 ln

�

E

� � 0.7

t 95

� � a ln

�

E

� � b

�
I

� A
N A

	

total

� 35 A1




3 �

g

�

cm2 


a � 9.4,b � 39

�

Fe

�



100 GeV hadronic shower

��
�

�

Actual shower
size in MiniPlug

t95% ~ 5

�

I

34
 c

m
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Hadronic Showers 
in MiniPlug 

Energy resolution for hadronic shower is about 40% 

Good position resolution is retained by detecting 
hadrons before they make (big) showers

Transverse size of shower �  MP size 
if length of MP is ~ 5

�

I
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Energy and Position Measurements

MiniPlug prototype (28X0, 1

�

I)

Positron energy resolution

Positron position resolution

Pion position resolution
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Readout Electronics

2x84 “tower” and 2x18 “sum-tower” signals delivered to 12 ADMEMs 
in FCAL_00 and 01 VME crates in the collision hall

“sum-tower” signals will be used for the trigger
P. 25
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Digitized Signal
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ADC counts
0 2000 4000 6000 8000 10000

1x10

#E
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2

Nent = 1539   
Mean  =   8051
RMS   =   8605
Over  =      0
Chi2 / ndf = 20.35 / 24

 0.05011 ±Constant = 6.065 
 4.382e-06 ±Slope    = -0.0001362 

ADC Count: West MP-Tower #74 Nent = 1539   
Mean  =   8051
RMS   =   8605
Over  =      0
Chi2 / ndf = 20.35 / 24

 0.05011 ±Constant = 6.065 
 4.382e-06 ±Slope    = -0.0001362 

CLC-Luminosity (E30)
5 10 15 20 25

S
lo

p
e

-0.002

-0.001

0
-1x10

Nent = 0      
Mean  =   12.3
RMS   =  4.802
Over  =      0
Chi2 / ndf = 48.69 / 26

 3.72e-06 ±p0       = -0.0001845 
 2.748e-07 ±p1       = 3.512e-06 

ADC Count Slope vs CLC-Luminosity: West MP-Tower #74 Nent = 0      
Mean  =   12.3
RMS   =  4.802
Over  =      0
Chi2 / ndf = 48.69 / 26

 3.72e-06 ±p0       = -0.0001845 
 2.748e-07 ±p1       = 3.512e-06 

Fitted well by 
an exponentially
falling curve

Pile-up effect

Hadrons  ~ Tower size

Select events 
with 2 CLC hits

P. 26
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Energy Calibration
Using MC Simulation

Monte Carlo based calibration (cross-check with data)

MBR (Minimum Bias Rockefeller) developed to generate 
- elastic scattering,
- single and double diffraction,
- hard core events
tuned to simulate charged and total multiplicity, pT and �  
distributions

Approximate MiniPlug detector simulation:
 � 0 : all energy is deposited
 � �

 : 70% of time, taken from Gaussian � =E( � �

)/3, �= � /2
        30% of time, taken from Landau (peak=0.5 GeV, width=0.125 GeV)

�

Energy deposited in MiniPlug 

�  40-50% of true particle energy on average
P. 27
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Energy Calibration :
Data vs Simulation

ADCtower (data)  

�

  Fit to exp[-Atower(data)X]

C = Atower(data) / Aparticle-deposited(sim)

Etower(data) = ADCtower (data) x C

Eparticle-deposited (simulation)
Fit to exp[-Aparticle-deposited(sim) x E]

Find seed tower(s) using ETtower(data)

ADCseed tower (data)  

�

  Fit to exp[-Aseed-tower(data)X]

Aseed-tower(data)  

�

  Aparticle-deposited(data) 

Ccalib = Aparticle-deposited(data) / Aparticle-deposited(sim)

Step 1: minimize tower-by-tower variation

�
�

�
�

Step 2: data-MC comparison

�

Step 0: particle deposit energy in simulation

P. 28
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Energy Calibration
Using Dijet Balance

Cross-check with dijet balance

ET balance between central jet and 
“MiniPlug jet”

�

 only one central jet:
   (ET>5 GeV, 0.1<| � |<0.7)

�

 no jets in Plug

�� � � �

second jet in MiniPlug




 = ET(MP Jet) / ET(Central Jet)
   = 0.4 �  0.1 
    consistent with approximate
    detector simulation

P. 29
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Summary

Coverage

�

 Rapidity Gaps

�

 Forward Particles/Jets 

Resolution

�

 Segmentation

�

 Longitudinal Depth

Environment

�

 Radiation

�

 Space Limitation

�

 MiniPlug designed to have good
    position resolution for hadrons 
    (as well as e/ � )

�

 BSC : 5.5< | � | < 7.5

�

 MiniPlug : 3.7< | � | < 5.2

	

Cover from edge of Plug 
   down to the beam pipe

�
 Adopt radiation hard technology  

    studied at SSC/LHC environment
�

 Replace damaged BSC counters 
    as necessary

�

 Best use of limited space!

P. 30
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ADMEM 

Pipeline/
L2 Buffer

Café (QIE)

L1 Trigger 
Sum

	

 Digitize wide dynamic range of
   charge signals to a specified  
   precision 

	

 “Deadtime-less” operation at
   every bunch crossing (132 ns)

QIE (Charge Integrator and Encoder)
- divide signal into multiple ranges
- integrate fractional charge in each range
- linearize charges in FRAM look-up table

Pipeline/L2 Buffer :
- Store digitized data in pipeline
- Move data to L2 buffers with L1 trigger
  accept

Trigger Sum :
- provide signal sums to trigger
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Luminosity from BSC-1 

Elapsed Time (hour)
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BSC-1 Luminosity
CLC Luminosity

Delivered Luminosity vs Time

E*W Coincidence Rate
RE*W[Hz] = Linst [Hz/mb] �  � [mb] �  � 

Linst : Instantaneous luminosity

�    : pp total cross section

�      : BSC-1 acceptance

� � �  = 25.6 mb
PRD 50, 5550 (1994)

BSC-1 measured luminosity is close 
(within 10 %) to CLC luminosity

Need more studies on acceptance



p � atom 
 p � atom+ � e -

e

� � nucleus

� 
 e ��

� � atom 
 atom+ � e -

� � e 
 � ' � e '

� � � nucleus

� 
 e+ e -

� � nucleus

�

Charged particle interactions:

�  ionization

�  bremsstrahlung

Photon interactions:

�  photo-electric effect

�  Compton scattering

�  pair creation

  At high energy, bremsstrahlung
  and pair creation are dominant 

Energy measurement 
by total absorption

Formation of electro-
magnetic, or hadronic 
showers
 
Works for both

�

 charged (e

�

, hadrons) 
   and

�

 neutral (n, �) particles
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Calorimetry Basics 


